Objective: To compare the clinical outcome of simultaneous bilateral endoscopic totally extraperitoneal inguinal hernioplasty (TEP) using fibrin sealant (FS) and mechanical stapling for prosthetic mesh fixation. Summary Background Data: Similar efficacy of FS and mechanical stapling for mesh fixation has been demonstrated in a swine model, but no clinical trial has been conducted to compare the outcomes of TEP using these 2 fixation devices. FS adheres the prosthetic mesh without causing injury to the underlying structures. Whether the application of FS improves early postoperative outcomes, namely, reduction of postoperative pain and seroma formation, has not been examined. Patients and Methods: Between July 2002 and February 2004, a total of 93 patients with 186 inguinal hernias who underwent bilateral TEP were randomized to have mesh fixation by either FS (n ϭ 46) or mechanical stapling (n ϭ 47). The primary endpoints were severity of pain, analgesic requirement, and incidence of seroma. Secondary endpoints were length of hospital stay, number of days required to resume normal outdoor activities and work, recurrence rate, and incidence of chronic pain. Results: The 2 groups were comparable in age, sex, and types of hernia. TEP were successfully performed in all patients. The FS group consumed significantly less analgesics compared with that of the staple group (P ϭ 0.034). There was no significant difference in the postoperative pain score at rest and on coughing from the day of operation to postoperative day 6 between the groups. The incidence of seroma was significantly higher in the FS group (17.4%) than the staple group (5.3%) (P ϭ 0.009). Length of hospital stay and time taken to resume normal activities and work were comparable between the 2 groups. With a median follow-up of 1.2 years, no recurrent hernia has been detected in either group, but the incidence of chronic pain in the staple group (20.0%) was higher than that of the FS group (13.2%) (P ϭ 0.418). Conclusions: This randomized prospective clinical trial demonstrated a significant reduction of analgesic consumption by using FS for mesh fixation during bilateral TEP, but it was associated with an increased incidence of postoperative seroma. (Ann Surg 2005;242: 670 -675) From the
B ilateral inguinal hernia is an accepted indication for the performance of endoscopic totally extraperitoneal inguinal hernioplasty (TEP) because of significant reduction of postoperative pain and faster recovery compared with those of open repair. [1] [2] [3] Inadequate mesh fixation has been reported to be a main cause for hernia recurrence after laparoscopic repair. 4 -7 Endoscopic stapling has been the most commonly adopted technique for prosthetic mesh fixation. Mechanical anchorage of the mesh not only reduces the risk of mesh migration but also enhances the bursting strength of the repair. 8, 9 However, neuralgia secondary to nerve entrapment by the staples has been reported. 10 -12 Application of fibrin sealant (FS) as an adhesive for mesh fixation was first described by Katkhouda et al 13 in a swine model in 2001. The tensile strength of repair using FS was found to be comparable to that of stapling. Prosthetic mesh fixation by either stapling or FS significantly reduced the chance of mesh migration compared with those without fixation. FS has been used primarily for hemostasis during surgery. 14 The efficacy of FS in the fixation of mesh during TEP has not been examined.
With an increasing emphasis on the evaluation of functional recovery, acute pain has become an important outcome parameter after hernia surgery. 15 Biologic fixation of the mesh by FS diminishes the risk of neuromuscular injury and may therefore diminish the severity of postoperative pain. Seroma is the commonest morbidity following TEP, with a reported incidence ranging from 3.4% to 11.7%. 16 -19 Its occurrence sometimes causes alarm to the patients as it mimics a postoperative recurrence of hernia. Seroma formation is also a prevalent morbidity after mastectomy. Previous studies demonstrated that the application of FS to the dissected area after mastectomy significantly reduced the incidence and volume of postoperative seroma. 20, 21 The objective of this study was to determine if the replacement of mechanical stapling with FS for the fixation of prosthetic mesh improved early postoperative outcomes, including reduction of postoperative pain and seroma formation. The present randomized prospective trial was designed to test the null hypothesis that the early clinical outcomes of bilateral TEP using FS for the fixation of meshes were equivalent to those using staples.
PATIENTS AND METHODS
Between July 2002 and February 2004, all patients who presented with bilateral inguinal hernia were assessed for study eligibility. Inclusion criteria were age at least 18 years, medical fitness for general anesthesia, and suitability for TEP. Patients who underwent concomitant operative procedures were excluded. The trial was sponsored by a Research Fund from the Tung Wah Group of Hospitals. The research protocol was approved by the Ethics Committee of Tung Wah Hospital before commencement of the trial. Informed consent was obtained prior to randomization. Eligible patients were randomized to 2 arms of treatment, FS group and staple group, by sealed envelopes containing random number in the operation theater. A prospective collection of data using standardized data entry sheet was performed.
Surgical Technique
Patients were operated in a supine Trendelenburg's position under general anesthesia. Preoperative antibiotic, amoxicillin Na 1 g with clavulanate K 200 mg, was given intravenously on induction of general anesthesia. A 4-port technique was used. Balloon dissection and urinary catheter were not used. A transverse infraumbilical incision was made. After opening the anterior rectus sheath, the rectus muscle was displaced laterally and a 10-mm reusable trocar port was introduced into the preperitoneal space. Carbon dioxide was insufflated to a pressure of 10 mm Hg. Another 10-mm trocar port was then inserted 8 cm proximal to symphysis pubis under endoscopic guidance. The extraperitoneal space was dissected and created using endo-scissors and diathermy. The third and fourth 5-mm trocar ports were placed at about 3 cm proximal to the left and right anterior superior iliac spine, respectively. After reduction of the hernial sac and parietalization of the spermatic cord for a length of approximately 4 cm long, 2 prolene meshes (Prolene Mesh, Ethicon Ltd, Somerville, NJ), each measuring about 10 ϫ 15 cm 2 , were introduced to cover the posterior wall of the inguinal canal, deep inguinal ring and femoral ring on each side. Hernia types were determined intraoperatively according to the Nyhus classification. 22 For the staple group, an endoscopic stapler (EMS Hernia Stapler, Ethicon Ltd) was used to anchor each mesh over the Cooper's ligament, along its medial edge and upper lateral corner. No staples were placed below the iliopubic tract lateral to the Cooper's ligament.
Patients randomized to the FS group had fixation of the mesh using TISSEEL VH 2 mL (Baxter Healthcare Corporation, Glendale, CA). The 2 components of FS, sealer protein solution 2 mL and thrombin solution 2 mL, were reconstituted using the Fibrinotherm heating and stirring device (Baxter Healthcare Corporation) at the commencement of surgery. The 2 solutions were drawn into 2 separate syringes, which were then fitted into the laparoscopic applicator, Duplocath 35 M.I.C. (Baxter AG, Vienna, Austria). Once the 2 meshes were deployed in the desired position, FS 1mL was applied over each Cooper's ligament. The rest of FS (2 mL) was applied to the inferior edge and upper medial corner of the meshes. To ensure the setting FS adhere firmly to the underlying structures, the mesh was steadied in position by graspers for a few minutes until the FS appeared opalescent on the television monitor.
Postoperative Management
For outpatient TEP, after assessment by the operating surgeon and anesthesiologist, patients were discharged in the afternoon on the day of surgery. Postoperative analgesic regimen, including oral diclofenac sodium SR 100 mg daily and compound oral analgesic, proproxyphene 50 mg and paracetamol 325 mg, 4 times daily upon patients' request, were standardized. All patients had follow-up at the Hernia Clinic 1 week after discharge. During follow-up, all complications and clinical recurrence were recorded. Subsequent follow-ups were scheduled at 3, 6, and 12 months and yearly thereafter.
Outcome Assessment
The primary endpoints were severity of postoperative pain, analgesic requirement, and incidence of seroma. Severity of pain was assessed by a linear analogue pain score on a scale from 0 to 10 daily after operation. All patients were taught to fill in a pain score chart to document their daily pain score at rest and on coughing at home. Total amount of analgesic consumption was based on the total number of analgesic tablets consumed by the patient during the postoperative period. A seroma was defined as the clinical presence of a palpable fluid collection over the groin in the absence of bruising during follow-up. Secondary outcome measures included operative time, length of hospital stay, number of days required to resume normal outdoor activities and work, recurrence rate, and incidence of chronic groin pain. Operative time was defined as the time from the skin incision to the placement of the last suture. Length of hospital stay was referred to the total number of nights spent in hospital after operation. Chronic groin pain was assessed by a standardized questionnaire by a research assistant at 1 year after operation. 23 
Statistical Analysis
A sample size analysis was performed using a 2-tailed test with a probability of a type I error (␣) of 0.05 and a type II error (␤) of 0.2 (power, 80%). Based on our recent review, the mean (SD) pain score on coughing after TEP was 3.4 Ϯ 1.86. 15 Assuming that an observed difference of 1.2 exists between the pain scores of the 2 groups, a minimum sample size of 40 patients in each group was required to detect the difference.
Data were analyzed on an intention-to-treat basis. Continuous variables were compared by the Mann-Whitney U test. Categorical variables were compared by the 2 test or the Fisher exact test when an expected value was less than 5. A P value of Ͻ0.05 indicated a statistically significant difference. Statistical analysis was performed using computer software (SPSS/PCϩ 9.0, SPSS, Chicago, IL). Values were expressed as medians and interquartile range. Outcome measures were expressed with 95% confidence intervals (CI) when appropriate.
RESULTS
Between July 2002 and March 2004, 108 patients who presented with bilateral inguinal hernia were assessed for study eligibility. Figure 1 shows the profile of the trial according to the CONSORT statement. 24 A total of 93 patients with 186 inguinal hernias were randomized to the FS group (n ϭ 46) and the staple group (n ϭ 47). The 2 groups were comparable in sex, age, body weight, and types of hernia ( Table 1) .
All TEP were successfully performed, and there were no conversions to open repair or transabdominal preperitoneal inguinal hernioplasty. The median operative time was 76 minutes (range, 63.0 -86.5 minutes) and 75 minutes (range, 65.0 -90.0 minutes) in the FS and the staple groups, respectively (P ϭ 0.348). There were no intraoperative complications or hospital mortality.
The total number of analgesic tablets consumed by the FS group (4.5 tablets; range, 2-10 tablets) was significantly less than that of the staple group (7 tablets; range, 4 -10 tablets) (P ϭ 0.034). A total of 17 patients (18.3%), 9 in the FS group and 8 in the staple group, did not require any analgesia after returning home (P ϭ 0.551). Comparison of daily pain scores at rest and on coughing between the 2 groups showed no significant difference from the day of operation to postoperative day 6 ( Figs. 2 and 3) .
Bilateral TEP was performed as an outpatient procedure in 15 (32.6%) patients of the FS group and 10 (21.3%) patients of the staple group. All these patients were discharged uneventfully on the day of operation. For inpatient TEP, the median length of hospital stay was 1 day (range, 1-1 day) in the FS group and 1 day (range, 1-2 days) in the staple group (P ϭ 0.428). Table 2 summarizes the postoperative complications in detail. There were no major complications, and none of the patients had wound infection. The FS group had a significantly higher incidence of postoperative seroma (17.4%; 95% confidence interval ͓CI͔, 6.4%-28.4%) than the staple group (5.3%; 95% CI, 0%-11.7%) (P ϭ 0.009). All these morbidities resolved spontaneously without the need for surgical intervention. The time taken to resume normal outdoor activities was comparable between the FS group (3 days; range, 2-5 days) and the staple group (3 days, range, 2-4 days) (P ϭ 0.681). At the time of operation, 58 patients were either retired (n ϭ 50) or unemployed (n ϭ 8). Thirty-five patients had assessment of their time taken to return to work, which was similar between the FS group (8 days; range, 4 -10 days) and the staple group (6 days; range, 5-10 days) (P ϭ 0.915).
The total cost for the use of FS was U.S. $270, inclusive of TISSEEL VH 2 mL (Baxter Healthcare Corporation) (U.S. $230) and Duplocath 35 M.I.C. (Baxter AG, Vienna, Austria) (U.S. $40), which was greater than that for an endoscopic stapler (EMS Hernia Stapler, Ethicon Ltd) (U.S. $130). There were no differences in other costs between the groups.
Follow-up ranged from 8 to 27 months. With a median follow-up of 1.2 years, none of the patients was found to have recurrence. A total of 78 patients had follow-up exceeding 1 year. Of these, the incidence of chronic pain was 20% (95% CI, 7.6%-32.3%) (n ϭ 8) in the staple group, which was higher than that of the FS group (13.2%; 95% CI, 2.5%-23.9%) (n ϭ 5) (P ϭ 0.418).
DISCUSSION
Efficacy of TEP for the repair of inguinal hernia has been well proven by a number of randomized prospective trials, 1-3 but TEP remains an evolving technique. Some concern has arisen regarding the potential complications of prosthetic stapling, such as sensory nerve entrapment. To address this issue, in addition to that of cost containment, performance of TEP without fixation of the mesh has been advocated. Recent reports [25] [26] [27] demonstrated comparable early recurrence rates after TEP with and without prosthetic mesh stapling, but long-term results remain to be proven. Besides, recurrence of hernia after laparoscopic repair has been attributed to an inadequate mesh fixation. 28 -30 Phillips et al 7 suggested secure stapling of the mesh to reduce recurrence rate following laparoscopic hernioplasty. At the time of this study, endostapler was the most commonly adopted modality for prosthetic mesh fixation. Biologic fixation of the mesh with FS has only been reported in a swine model. 13 No prospective clinical trials have been conducted to compare the outcomes of biologic versus mechanical fixation of the mesh during TEP.
In the present trial, the use of FS conferred a significant reduction of analgesic requirement compared with that of the staple group. This finding was consistent with our earlier report 15 for reduced acute pain by avoiding prosthetic stapling during unilateral TEP. Biologic fixation with FS avoids somatic and neurologic injury associated with the use of staples.
The lower incidence of chronic pain in the FS group also favored biologic prosthetic mesh fixation. Chronic pain after inguinal hernia repair has been classified broadly as either somatic or neuropathic in origin. Somatic pain may arise from tissue injury, tissue ischemia, or the placement of staples or nonabsorbable sutures on the pubic bone. 7 Meralgia paresthetica is a rare but serious potential complication of prosthetic mesh stapling. 10, 31, 32 Tetik et al 5 conducted a multicenter study recruiting 1514 laparoscopic repairs of inguinal hernia and reported 2 neurologic complications that required repeat laparoscopy and staple removal.
In contrast to our hypothesis that seroma formation would be reduced by the use of FS, the prevalence of postoperative seroma was significantly higher in the FS group than the staple group. FS has been shown to reduce seroma formation after mastectomy. 20, 21 Formation of a physiologic clot by the application of FS decreases the drainage from transected small blood vessels and lymphatics. Besides, FS adheres the skin flap and chest wall, thereby diminishing potential space for fluid collection. Our findings could be explained by the fact that FS was used to affix the mesh onto the Cooper's ligament and pelvic floor, instead of applying it for sealing the potential space of the hernial cavity. Besides, FS may have stimulated a more intense inflammatory reaction in the tissues that increase exudation and hence seroma formation. Katkhouda et al 13 demonstrated that histologic inflammatory response was significantly stronger in the FS fixed graft than in grafts fixed by stapling in the swine model. Another important consideration in the use of FS for its adhesive properties is the timing of action. 20 To maximize the sealing effect and adhesive strength of FS, deflation and closure of the potential space should be undertaken immediately after its application. Once polymerization of the sealant has occurred, tissue adherence can no longer be achieved. Our findings showed no difference in early recurrence rates between the 2 groups. FS, distinguished from mechanical stapling, allows fixation of the mesh onto the pelvic floor, where major neurovascular structures traverse underneath. Provided adequate parietalization of spermatic cord has been achieved, affixing the inferior edge of the mesh onto pelvic floor prevents mesh lifting or folding by the returned peritoneum, seroma, or hematoma. Lowham et al 4 conducted a multicenter study to evaluate the mechanisms leading to hernia recurrence after laparoscopic and traditional preperitoneal herniorrhaphy. Mesh lifting by hematoma and inadequate inferior mesh fixation represented the most common causes of recurrence for surgeons experienced in traditional or laparoscopic preperitoneal hernia repair. In another retrospective review of 7661 patients with 10,053 laparoscopic hernia repairs by Felix et al, 6 inadequate lateral and medial fixation of the mesh were the chief mechanisms causing recurrence. As stapling of the mesh is contraindicated below the iliopubic tract, FS serves as a complementary tool for prosthetic mesh fixation.
Fixation of the mesh during TEP can be achieved by mechanical or biologic methods. Endostapler has been the conventional mechanical technique for prosthetic fixation during TEP. Alternative mechanical methods include suturing, helical fastener, anchors, etc. Inherent problems of these techniques include pain, bleeding, nerve irritation, and neuralgia. Reports on biologic fixation of the mesh have been limited. 13 In contrast to mechanical staples, FS is a biodegradable and biocompatible agent as it will be completely absorbed during wound healing. Other benefits of FS include its well-proven safety profile, added hemostatic effect, and its ability to affix the mesh without injuring the underlying structure. This may help to reduce the incidence of chronic pain in the long run. FS possessed both adhesive and hemostatic properties, the ultimate effect of which was dependent on the relative concentrations of fibrinogen and thrombin. 33 The fibrinogen component is responsible for the tensile strength and adhesive properties, while the thrombin component accounts for the clotting time and promotes fibroblast proliferation. The concentrations of fibrinogen and thrombin should therefore be modified in accordance with the particular clinical indications, depending on the requirements for hemostasis or adhesiveness. Further studies should be conducted to identify the best formulation of FS for prosthetic mesh fixation. The main drawback of using FS in this study was its cost, which was double that of an endoscopic stapler. Whether this could be offset by the reduction of analgesic medications and avoidance of potential complications like neuralgia remain to be determined. Other disadvantages of FS include long preparation time, the requirement of cold storage for the agents, and the use of multiple devices. The best fixation method, which should be effective, safe, ready to use, affordable, and biocompatible, has yet to be developed.
